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Abstract: This study concerns the design of teaching-assistant robots that helps elementary school teachers while they are giving 
lectures. It focuses on finding images which fit the role of teaching-assistant robots, instead of merely suggesting several designs of 
robots that are preferred by children. For this study, the qualities that satisfy the role of a teaching assistant were studied by a 
literature review. These qualities were grouped and prioritized, arranged as potential roles of a teaching-assistant robot, and presented 
as a questionnaire to teachers and student teachers. Using the role images and basic adjectives as standards, children performed an 
image mapping with pictures of existing robots. This allowed for a determination of how children accept the external features of each 
robot, and which external feature should be used in order to reveal the role images. Taking the form of a workshop, children 
expressed their own images of a teaching-assistant robot, and a robot's height and location in a classroom was surveyed. Based on 
these studies, three design guidelines of teaching-assistant robots are suggested. 
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1. INTRODUCTION 
 
1.1. BACKGROUND AND PURPOSE 

 
With the rise in the exploitation of intelligent 

robots or humanoid robots as a new growth industry over 
the last few years, the silver industry and the field of 
teaching are emerging as application fields for robots. Of 
these two fields, Norman has selected the field of 
teaching as a practical field for robots of the future. 
Norman expects that it would be impossible for a robot 
to alternate as teacher completely, but he feels that a 
robot can be very useful in assisting a teacher, in that it 
could offer high quality education for a greater number 
of students [1]. In addition, Jeonghye Han pointed out 
the usefulness of a teaching robot, foreseeing that the 
future robot would cut a conspicuous figure in the silver 
industry and the field of teaching [2]. 

Jumping on this bandwagon, Yujinrobotics, a 
Korean robot company, has developed a tutor robot with 
the name of Pegasus, and KAIRA (the Korea Advanced 
Intelligent Robot Association) have also developed a 
tutor robot that teaches English for grade-schoolers. 
They have also started a model business in Seoul and 
other metropolitan area1. In this way, the usefulness of a 
teaching robot is embossed and the development is 
actively progressing. However, the consideration of the 
design of a robot is insufficient compared to the 
development of the moving mechanisms of robots or the 
content for education. 

The role of robot manufacturers is not the 
creation of a teaching robot through merely surveying 
the appearance of one that children prefer. Over time, 
attitudes toward teachers have changed from dignity and 

                                                 
1 Excerpt from http://www.mk.co.kr, domestic science new of Maeil 
Business 

elegance and become more open and friendly. Thus, a 
teaching robot should have its emotional image fit its 
social role. The images that evoke the appropriate 
emotion should be found and be adapted to the 
appearance design of teaching-assistant robots. 

The appearance of a robot plays a big role in the 
formation of an idea of a robot. It is expected that the 
possibility of image formation from appearance is high, 
as a robot can exaggerate or vary its appearance unlike a 
human. There is some research concerning the 
appearance of a robot head; however, research regarding 
the entire robot body is meager at present, and is there 
for needed. 

This study is concerns the design of a teaching-
assistant robot that helps elementary school teachers 
while the teachers are giving lectures. It focuses on 
finding images that incur a positive emotional effect in 
terms of the roles of teaching-assistant robots, and 
focuses on visualizing the images. It is expected that this 
study will contribute to the design of a teaching robot in 
the near future. 
 
1. 2. RESEARCH PROCESS 
 
To begin with, a literature review was carried out in the 
area of the classification standards of the external form 
factors of a robot, about adjectives that express the 
images of a robot, and about the qualities that satisfy the 
role of human teachers. The literature was reconstructed 
based on external form factors in order to properly 
represent a robot’s appearance. Pictures of existing 
robots were collected, and a database was built by 
measuring the collected robots’ physical features 
according to the reconstructed external form factors. 
Conversely, in order to clarify the qualities satisfying the 
role of a teaching-assistant robot, a questionnaire was 
given to teachers and student teachers inquiring about 



the importance about each of the literature-based 
qualities of human teachers. Based on the result of this 
questionnaire, these qualities were grouped and 
prioritized to arrange them as role images of teaching-
assistant robots. Children performed the image mapping 
with 43 pictures of existing robots. Mapping standards 
were base adjectives (e.g.: female━male, animal-
like━human-like), the role images of teaching-assistant 
robots, preferences, and the appropriateness as a 
teaching-assistant. The result of the image mapping was 
analyzed through the statistical methods of T-test, one-
way ANOVA, regression, and a correlation analysis. In 
addition, the authors set up a workshop allowing 
children express their own images of a teaching-assistant 
robot, as well as the robot's height, and location in the 
classroom through sketches. With the result of this 
workshop, the external features of high frequency were 
analyzed in the sketches. Based on the results, design 
guidelines are suggested for teaching-assistant robots. 
Fig. 1 shows the entire research process. 

   

 
2. LITERATURE RESEARCH 
 
2.1. ROBOT’S APPEARANCE 
 

DiSalvo and Forlizzi researched the features 
and dimensions of a humanoid robot's face that most 
dramatically contribute to the perception of its 

humanness [3]. They conducted surveys to count the 
number of face factors (eyes, ears, nose, mouth, eyelids, 
and eyebrows) from 48 existing humanoid robots, in 
order to measure the dimensions of the eye diameter, 
pupil-to-pupil distance, mouth width and similar factors. 
In the result, they found that the presence of specific 
facial features account for 62% of the variance in the 
perception of humanness, with the presence of a nose, a 
mouth, and eyelids making a great contribution. They 
also determined that the number of facial features greatly 
influences the perception of humanness. This research is 
limited to a humanoid robot’s head; however, it suggests 
implicates that the appearance of robots’ whole body can 
be explored. As a robot has distinguishable features from 
other products, such as autonomy, and mobility, the 
study of the components and ratios of robot bodies that 
represent the robots’ movement is needed. 

Wood and Dautenhahn studied how adults and 
children perceive the emotions and personalities of 
various robots [4]. Adult designers grouped existing 
robots into the five groups ‘machine’, ‘animal’, ‘human’, 
‘animal-machine’, ‘human-machine’. Children expressed 
how they felt about robots’ appearances for each group. 
The result of their study showed that the perspectives on 
robot appearance are different between adult and 
children. The main difference is appeared in the ‘human’ 
group. With respect to a human-like robot, adults think 
such a robot is aggressive while children think it is 
friendly and less aggressive. This suggests that robots for 
children should be designed not from an adult’s point of 
view but from a child’s point of view. 

 
2. 2. QUALITIES OF TEACHERS 
 

This study focuses on visualizing the images 
which fit the role of teaching-assistant robots, instead of 
merely suggesting several designs for robots that are 
preferred by children, as there are more than the 
children’s preferences that influence the regulating and 
teaching of children. The qualities of teaching-assistant 
robots can be established by reconstructing the qualities 
of human teachers, who perform a similar role to that of 
the teaching-assistant robots. 

The qualities of teachers are usually the concern 
of the field of pedagogy. Eunjeong Choi classified the 
qualities of teachers into four groups: physical 
appearance, study guidance, life guidance, and human 
relations [5]. Among these groups, physical appearance 
is about a teacher’s physical features, looks, or 
personality. Thus, physical appearance is appropriate for 
this study aiming at researching robot appearance.  

Eunjeong Choi selected ‘tenderness’, 
‘impartiality’, ‘insight’, ‘kindness’, ‘clemency’, 
‘leadership’, ‘honesty’, and ‘responsibility’ as the 
qualities of human teachers. The Cheonwon Office of 
Education in Korea selected ‘tenderness’, ‘kindness’, 
‘leadership’, ‘passion for education’, ‘specificity’, and 
‘reliability’ 2 . Table 1 includes selections from other 
researches. 
                                                 
2 The Cheonwon Office of Education, http://www.cbcwe.go.kr 
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Figure 1: The entire research process 



 3. PRELIMINARY INVESTIGATION 
 
 3. 1. ROBOT APPEARANCE DATABASE  
 

After collecting 43 pictures of existing robots, 
they were classified in terms of the external form factors 
of the head, body, and skin, based on literature regarding 
avatar design [6]. Table 2 illustrates the confirmed 
external form factors. In the table, a number of external 
form factors in gray cells were adjusted or added to in 
order to change the human external form factors to those 
of the robots’. 

A database was built that recorded the 
measurements, and the external form factors of the 43 
existing robots were confirmed in order to aid this 
experiment. Fig. 2 shows part of the database as an 
example. The robots’ pictures were made into cards, and 
were used in the robot image evaluation experiment with 
the children. 

                                                 
3 J. Lee, Study on Qualities of Teachers of Middle Schools-Centered on 
he Area of Jeonnam Gwangju, thesis for a master’s degree of Graduate 
School of Education in Kyunghee University, 1981. 
4 M. Lee, The Qualities of Teachers Expected By Student of Middle 
and High school-Centered on the Area of Seoul, thesis for a master’s 
degree of Graduate School of Education in Korea University, 1984. 
5 J. Seo, Change in Society and the Qualites of Teachers, 
Kyoyukmading21 magazine, vol. 231, pp. 36-39, 2001. 

 
Figure 2: An example of database 
 
3. 2. ROLE IMAGES OF TEACHING-ASSISTANT 
ROBOTS 
 
 Through the literature of Table 1 regarding the 
qualities of teachers and through the interview with 
incumbent teachers, 24 qualities of teachers were 
extracted, with four additional qualities added to the gray 
cells as shown in the Table 3. In order to compare the 
qualities between teachers and teaching-assistant robots, 
a questionnaire was presented inquiring about the degree 
of importance of each quality. This tool utilized a seven 
step Likert scale. It initially focused on teachers, and 
later focused on teaching-assistant robots. 113 people 
comprised of teachers and student teachers participated 
in this questionnaire. 
 

Table 1: Qualities of human teachers in each literature 
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Table 2: Robots’ external form factors 
Head Body Skin 

Head type The number of arms Color 

Head shape Arm length ratio Quality of the material

Head length/width ratio The number of fingers Material finishing 

Eye type Leg type   

Eye size Leg length ratio   

Eyebrow existence Body shape   

Eye length/width ratio The degree of rounding   

Distance between eyes Head size ratio   

Ear existence Body length/width ratio   

Nose existence Display existence   

Mouth existence     

Table 3:  Qualities of teachers 
Qualities of teachers 

Tenderness Fairness Sincerity 

Sense of duty Dignity Paragon 

Knowledgeability Insight Kindness 

Clemency Competency Leadership 

Accuracy Agility Educational 
affection 

Educational 
perspective Specificity Reliability 

Honesty Responsibility Patience 

Sprit of Service Panning Flexibility 



 

 With the data of this questionnaire, and 
prioritized the qualities were grouped by factor analysis, 
for the case of teachers and teaching-assistant robots. As 
a result of the factor analysis, 24 qualities grouped into 6 
factors in each case, as shown in Tables 4 and 5, were 
found. These factors were termed ‘role images’. 

For teachers, teaching ability is most important, 
with the next most important factors sprit of service, 
patience, and kindness, in that order. For teaching-
assistant robots, tenderness and kindness were most 
important, with the next most important factors 
leadership and knowedgability. From these results, 
teachers and teaching-assistant robots have different 
Images of their roles. By determining what type of 
robots fit the role images of teaching- assistant robots, it 
was possible to analyze the external form factors that 
have influence on the role images. 
 
4. ROBOTS’ IMAGE EVALUATION 
 
Based on the preliminary investigation above, the image 
evaluation of robots was performed by allowing children 
to do robot image mapping and involving them in a robot 
sketch workshop. 
 
4. 1. IMAGE MAPPING EXPERIMENT 
 
4. 1. 1. EXPERIMENT DESIGN 
 

The pictures of existing robots were made into 
cards, and these were used in the robot image evaluation 
experiment for children. Each card had two items: a 
robot’s picture and the robot’s number in the database. 
The names of the robot and other explanations were 
excluded, as it was felt that children may be influenced 

by other information in addition to the appearance of the 
robots.  

Using the role images and base adjectives as 
standards, children performed the image mapping with 
43 pictures of existing robots, and sorted the robots 
according to their preferences and to the appropriateness 
as a teaching-assistant. Table 6 illustrates the standards 
for this mapping. 

The basic adjectives are the fundamental 
classification standards of teaching-assistant robots. 
They were constructed by referring Woods’ paper by and 
selecting the factors that were not represented in the role 
images. The role images were the result of the factor 
analysis of the teaching-assistant robots during the 
preliminary investigation. Children arranged the robot 
card on a lined board, introduced to counter any lack of 
concentration. When arranging by basic adjectives, they 
used a seven-lane board (scored -3 to 3), so the closer the 
robot was to a similar image for a set of basic adjectives, 
the more often the card was placed to the right or left end.   
For the role images, they used a five-lane board (scored 
1 to 5), so the closer the robot was to a similar image for 
the given role image, the more often the card was placed 
to the right end, that being the higher scoring end. In 
addition, children ranked the robot cards by their 
preferences and the appropriateness as a teaching-
assistant. This was performed by selecting 10 robot cards 
and prioritizing the selected cards. 
 
4. 1. 2. EXPERMENT PROCESS 
 

Taking 24 children that were fourth grade-
schoolers in Daejeon were selected as participants, and 
three participants carried out the image mapping at the 
same time. One assistant took the charge of children, 

Table 4: Role images of teachers by factor analysis 
 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

 Teaching ability Sacrifice · 
Patience 

Tenderness · 
Kindness Reliability Educational - 

perspective 
Sincerity · 

Impartiality 

Accuracy 
Knowledgeability Pliability Kindness 

Clemency  
Educational - 
perspective 

Sense of duty 

Impartiality 
Sincerity 

Role 
images 

Specificity 
Competency 
Leadership 

Agility 
Insight 

Spirit of service 
Patience 

 
Honesty 
Planning 

Reliability 
Educational affection  

Table 5: Role images of teaching-assistant robots by factor analysis 
 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

 Tenderness · 
Kindness Leadership Knowledgeabilit

y Flexibility Reliability · 
Patience 

Sincerity ·  
Impartiality 

 Tenderness 
Kindness Leadership Accuracy 

Agility Flexibility Reliability Sincerity 
Impartiality 

Role 
images 

Clemency 
Dignity 

Sense of duty 
Paragon 

Educational  
affection 

Competency Knowledgeability  Patience  

 



suggesting the mapping standards and recording the 
mapping results. 

Before the experiment, the purpose of 
experiment and the rules for participation were explained. 
The image mapping was carried out using defined 
standards, with the following stipulations to consider: 6 
basic adjectives, 6 role images, preferences, and 
appropriateness as a teaching assistant. Considering the 
children’s lack of concentration, they were given an 
intermission during the experiment.  

For the role images of the teaching-assistant 
robots, the children had some difficulty, especially with 
abstract words. For this reason, one scenario, as shown 
in Fig. 3, was created in order to help the children 
understand the role images. 

 

 
Figure 3: One scene scenario for making children 
understand the role images 
 
4. 2. ROBOT SKETCH WORKSHOP 
 
4. 2. 1. PURPOSE OF WORKSHOP 
 
Using only the robot image mapping experiment, 
children could not express the idea of the teaching-
assistant robot they envisioned firsthand; in addition, 
they had difficulty with the location of the classroom and 
the height and size of the robot. In order to survey these 
factors, another experiment was carried out, taking the 
form of a workshop. 
 
4. 2. 2. WORKSHOP PROCESS 

32 children that were fourth year grade-
schoolers in Daejeon were participants, and they were 
given instructions to sketch their own images of 
teaching-assistant robots and to model their sketch in 
clay. This workshop continued for 90 minutes in the art 
class of the school.  

 

 
Figure 4: Front (right) and back (left) side of the sketch 
paper used in workshop 
 

In order to survey the robot’s location in 
classroom, there was a background on both sides of the 
sketch paper. There was a background of front of 
classroom drawn in the front of the paper, and behind of 
classroom in the back of the paper, as shown in Fig. 4. 
Through this sketch, the robot’s size could be 
determined by comparing the robot with background of 
the sketch paper. 
 
5. RESULT AND ANALYSIS 
 
5. 1. METHOD OF ANALYSIS 
 

First, the relationship between the external form 
factors and each basic adjective was analyzed in order to 
determine what external form factor a robot should have 
in order to satisfy each basic adjective. All 24 external 
form factors were analyzed for each basic adjective 
through statistical methods. The independent variables 
were the external form factors and the dependent 
variables were the scores by each basic adjectives (-3~3 
point, 7 Likert scale). The change of the dependent 
variables in accordance with the independent variables 
was analyzed by a T-test, ANOVA, and a simple 
regression analysis. A T-test was applied to the external 
form factors having only 2 variables, such as ‘nose 
existence’ and ‘display existence’. All the external form 
factors using the T-test had more than 30 items of data, 
and hence a normality test of the data did not needed. A 
one-way ANOVA was applied to the external form 
factor having more than 3 variables, such as ‘head type’ 
and ‘leg type’. Since the data did not satisfy the 
homogeneity of variances except in the case of some 
external form factors, a Kruskal-Wallis, a non-
parametric analysis corresponding to ANOVA, was 
executed. A simple regression Analysis was applied to 
the external form factors having continuous quantitative 
data; such as ‘eye length/width ratio’ and ‘head size 
ratio’.  

Second, the relation between the basic 
adjectives and each role image was analyzed. If what 
basic adjective should be revealed by the robot’s 
appearance can be determined in order to represent the 
role image, then the external form factors for role images 
can be determined connecting external form factors to 

Table 6: standards of mapping 

Basic adjectives Role images 

Childish ━ Adult 
Female ━ Male 

Animal-like ━ Human-like 
Mechanical ━ Organic 

Distant ━ Intimate 
Dull ━ Smart 

Tenderness · Kindness 
Leadership  

Knowledgeability 
Flexibility 

Reliability · Patience 
Sincerity ·  Impartiality

Others 
Preferences 

Appropriateness as a teaching-assistant 
 



basic adjectives, and basic adjectives to role images. In 
order to connect basic adjectives to role images, a 
Pearson correlation analysis was executed, surveying 
what basic adjectives revealed for each role image. 
 Third, a cluster analysis was executed with 43 existing 
robots, based on the data obtained from robot image 
mapping. The results of the cluster analysis can help the 
study, as they cluster the robots according to their 
similarity as evaluated by children. 

                                                 
6 In the column of external form factors, ‘@’ denotes ANOVA and ‘*’ 
denotes T-test. The unmarked external form factors are analyzed by a 
single regression analysis. White cells indicate the following: in the 
case of the ANOVA or T-test, the absolute value of average is more 
than 0.6; in the case of a single regression analysis, the absolute value 
of beta is more than 0.2. Light gray cells indicate that the absolute 
value of average is less than 0.6 and the absolute value of beta is less 

Forth, what kind of robots are preferred and are 
felt appropriately as a teaching-assistant robot were 
analyzed, by comparing the groups of the cluster 
analysis with preferences and appropriateness as 
teaching-assistant robots of robot image mapping. 

Fifth, appearance feature of robots in children’s 
sketches from a workshop was analyzed, using the 
external form factors of robot image mapping. By 
counting the frequency of location and external form 
factors and averaging the size of robots from the 
sketches, frequently used appearance features was 
recorded. Through this analysis, the location, size, and 

                                                                              
than 0.2. Dark gray cells having no content indicate that the p value is 
not significant. 

Table 76: The relation between external form factors and basic adjectives 

BasicAdjectives

ExternalFormFactor 
Childish Adult Female Male Animal-like Human-like Mechanical Organic Distant Intimate Dull Smart

Head type @ 

  

 
  

  

 

 

 

 

 

 

Head shape @ Circle, Ellipse Oval, Tetragon - 
Pentagon, 

Trapezoid
Ellipse 

Trapezoid, 

Oval 
Ellipse 

Oval, 

Trapezoid
- 

Pentagon, 

Trapezoid 
- 

Oval, 

Trapezoid, 

Tetragon 

Head length/width ratio       horizontal vertical     

Eye type *   - Mask Eyes Mask     Eyes Mask 

Eye size @ Small,  Large -   Small Middle Small Large   Small Middle, Large

Eyebrow existence *   Existence Nonexistence Existence Nonexistence       

Eye length/width ratio Vertical Horizontal Horizontal Vertical Vertical Horizontal   Horizontal Vertical   

Distance between eyes 
Shorter Longer Shorter Longer Longer Shorter Longer Shorter Longer Shorter   

Ear existence * 
      Nonexistence Existence Nonexistence Existence Nonexistence Existence

Nose existence * 
Existence -   Nonexistence Existence   Existence Nonexistence Existence Nonexistence

Mouth existence * 
Existence Nonexistence   Existence Nonexistence       

The number of arms @ 
Nonexistence  Nonexistence 1 or 2 Nonexistence 1 or 2 1 2   1 2 

Arm length ratio 
  Shorter Longer   Longer Shorter   Longer Shorter 

The number of fingers @ 
1 or 2 5  3 or 5 2 3 or 5 3 5   3 5 

Leg type @ 
4 legs or 

wheel 
2 legs wheel 2 legs 4 legs 2 legs wheel 4 legs wheel 4 legs wheel 2 legs 

Leg length ratio Shorter Longer Shorter Longer Shorter Longer     Shorter Longer 

Body shape @ 
         

The degree of rounding @ Round Angled - Angled Round Angled Angled Round - Round   

Head size ratio Bigger Smaller Bigger Smaller Bigger Smaller   Smaller Bigger Bigger Smaller 

Body length/width ratio 
Horizontally 

longer 

Vertically 

longer 

Horizontally 

longer 

Vertically 

longer 

Horizontally 

longer 

Vertically 

longer 

Horizontally 

longer 

Vertically 

longer 
  

Horizontally 

longer 

Vertically 

longer 

Display existence *   Nonexistence Existence Nonexistence Existence Existence Nonexistence Existence Nonexistence Existence Nonexistence

Color @ 
Black or worm 

color 
Cold color Worm color 

Cold color, 

black or gray
Warm color White or black   Cold color Warm color Black White 

Quality of the material @ Fabric/Plastic Plastic/Metal Fabric/Plastic Plastic/Metal Metal Fabric/Metal Metallic Fabric/Plastic Metal Fabric/Plastic Metal Fabric/Plastic

Material finishing @ glossy, pearl metallic - Metallic, Pearl metallic Pearl     - Metallic 



image of robots in terms of typical children thought 
could be determined. 

 
5. 2. RESULT 
 
5. 2. 1. RELATION BETWEEN EXTERNAL FORM 
FACTORS AND BASIC ADJECTIVES 
 

Table 6 lists the results of the analysis of the 
relation between external form factors and basic 
adjectives. In the case of color, after performing a 
statistical analysis focusing on the main color of the 
robot, the degree of relation of sub-colors was 
qualitatively examined, based on the main color. 
  

 For the basic adjective of ‘Childish ━ Adult’, 
the features of external form factors of ‘childish’ robots 
are the border line between face and hair part, circle or 
elliptical head, small or large eyes, and short distance 
between eyes. They have circle or oval body shape, and 
a large head compared to their body. They are cover with 
fabric or plastic material, and have a glossy material 
finishing. They also have no arms, and have a little 
numbers of fingers, if any. In contrast, the features of 
external form factors of ‘adult’ robots are mask type of 
eye or only eyes on the head, an oval or tetragonal head 
shape, large distance between eyes, an inverted triangle 
body shape, angled body edges, and a small head 
compared to their body. A cold color and plastic or metal 
are also is used. 

 In this manner, the features of external form 
factors for each basic adjective were determined. The 
features of external form factors for remaining of basic 
adjectives are listed in Table 7. 
 
 5. 2. 2. RELATION BETWEEN BASIC 
ADJECTIVES AND ROLE IMAGES 
 

Table 7 shows the results of the Pearson 
correlation analysis between basic adjectives and role 

images, containing only significant r, the Pearson 
correlation coefficient. When the r value is positive, the 
role image is related with the right in the set of basic 
adjectives (ex: Adult). When the r value is negative, the 
role images are related with the left in the set of basic 
adjectives. The greater the absolute value of r, the 
greater the relation. 

A robot should have features of external form 
factors of ‘intimate’, ‘organic’, ‘smart’, and ‘childish’ in 
order to make the robot reveal ‘Tenderness · Kindness’, 
the most important role image. The remaining role 
images can be explained in this manner. It is also 
possible to group the role images into 2 groups, because 
role image 1 and role image 4 are similar, and role 
images 2, 3, 5, and 6 are similar based on the set of r. 
 
5. 2. 3. CLUSTER ANALYSIS 
 
A cluster analysis was executed with 43 existing robots, 
based on the data obtained in the robot image mapping 
experiment. The robots are classified into 6 groups. Fig 
4 shows the results. The basic adjective features of each 
cluster are shown in table 9, based on averages of the 
basic adjective score of robots in each cluster.  
 

 
Figure 4: Results of cluster analysis 

Table 8: Relation between basic adjectives and role images(Pearson correlation coefficient)  
        Role images

Basic adjective     
Tenderness · 

Kindness Leadership Knowledgeab
ility Flexibility Reliability · 

Patience 
Sincerity ·  

Impartiality
Childish ━ Adult -.088** - - - - - 
Female ━ Male - - - -.066* - - 

Animal-like ━ Human-like - .136** .167** - .182** .105** 
Mechanical ━ Organic .145** .132** .073* .118** .141** .111** 

Distant ━ Intimate .259** .291** .241** .403** .325** .364** 

Dull ━ Smart .078* .270** .378** .208** .264** .332** 

Table 9: Basic adjective features of each cluster  
Cluster A B C D E F 

Basic adjective features 

Childish 
Female 

Animal-like 
Organic 
Intimate 
Smart 

Childish 
Female 

Human-like 
Organic 
Intimate 
Smart 

Childish 
Male 

Animal-like 
Organic 
Intimate 
Smart 

Childish 
Male 

Human-like 
Machine-like 

Distant 
Smart 

Childish 
Male 

Human-like 
Organic 
Intimate 
Smart 

Adult 
Male 

Human-like 
Organic 
Intimate 
Smart 

(**: p<0.01, *: 0.01<p<0.05)



5. 2. 4. PREFERENCES AND APPROPRIATENESS 
FOR A TEACHING-ASSISTANT ROBOT 
 

For preferences, the robot ranked first was 
given 10 points, while the robot ranked last was given 1 
point. After scoring, the points awarded to each of the 43 
robots by 24 children were respectively summed. The 
robots were arranged according to their summed points, 
and the robots that have more than 40 points were 
selected, as shown in fig. 5. The preferred robots belong 
to groups A and B of the cluster analysis. Groups A and 
B have the features of basic adjectives of ‘childish’, 
‘female’, ‘organic’, ‘intimate’, and ‘smart’ in common. 
Robots that are appropriate as teaching-assistant robots 
belong to group F, and are characterized by the words 
‘adult’, ‘male’, ‘human-like’, ‘organic’, ‘intimate’, and 
‘smart’. 

 
Figure 5: Preferred robots (above) and robots appropriate 
as teaching-assistant robots (below) 
 
5. 2. 5. RESULTS OF ANALYSIS OF SKETCHES 
 

Table 10 shows the number, frequency and ratio 
of external form factors of robots sketched by children in 
a workshop. 
Table 10: The number, frequency or ratio of external 
form factors of robots sketched by children in workshop

Head type  
10(27.0%) 

 
6(16.2%) 

 
4(10.8%) 

 
5(13.5%) 

 
8(21.6%)

Head shape Lozenge 
1(2.7%) 

Hemisphere 
3(8.1%) 

Tetragon 
14(37.8%) 

Circle 
14(37.8%) 

Ellipse 
2(5.4%)

Head 

length/width 

ratio 

Regular 
10(27.0%) 

Horizontal 
17(45.9%) 

Vertical 
6(16.2%) 

Eyebrow 
existence 

Nonexistence  33(89.2%) Existence  3(8.1%) 

Eye type Mask 11(29.7%) Eyes 25(67.6%) 

Ear 
existence 

Nonexistence  31(83.8%) Existence  5(13.5%) 

Nose 
existence 

Nonexistence  32(86.5%) Existence  4(10.8%) 

Mouth 
existence 

Nonexistence  12(32.4%) Existence  24(64.9%) 

Antenna Nonexistence  19(51.4%) Existence  18(48.6%) 

Eye size Small 7(18.9%) Middle 8(21.6%) Large 11(29.7%)

Eye 
length/widt

Regular 
16(43.2%) 

Horizontal 
3(8.1%) 

Vertical 
5(13.5%) 

h ratio 

   
Body shape 3 

(8.1%
) 

4 
(10.8%

) 

11 
(29.7%

) 

10 
(27.0%

) 

0 
(0.0%) 

6 
(16.2%

) 

2( 
5.2%)

1 
(2.7%)

Shorter 
than 

children

Similar to 
children

Between 
children 
and adult 

Similar to 
adult 

Taller than 
adult Height 

17(50%) 4(12%) 10(29%) 1(2.9%) 2(5.9%)

Leg length 
ratio 

Leg length : height = 0.273 : 1 

Head size 
ratio 

Head length : height = 1 : 3.534 

Body 

length/width 

ratio 

wide : length(height) = 0.453 :1 
(except the robots having the value of 2:1) 

The 
number of 

arms 

Nonexistence  
 9(24.3%) 

Existence  
 26(70.3%) 

others(wings) 
 2(5.4%) 

The 
number of 

fingers 

Nonexistence
1(2.7%) 

1 fingers 
11(29.7%

) 

2 fingers 
6(16.2%) 

3 fingers
2(5.4%)

5 fingers
6(16.2%)

Leg type
Nonexistence 

2(5.4%) 

2-leg 
20(54.1%

) 

4-leg 
1(2.7%) 

Wheel
12(32.4%

) 

others 
1(2.7%)

Display 
existence

Nonexistence  14(37.8%) Existence  23(62.2%) 

The degree 
of color 
variance

Able to distinguish main 
color form sub-color 

25(67.6%) 

Unable to distinguish main 
color form sub-color 

12(32.4%) 

Main color White
1(2,7%)

Gray 
2(5.4%)

Black 
1(2.7%) 

Worm color
11(29.7%)

Cold color
10(27.0%)

Sub-color White
0(0.0%)

Gray
0(0.0%)

Black 
2(5.4%) 

Worm 
color 

11(29.7%) 

Cold 
color 

10(27.0%
) 

various
1(2.7%)

complexity 
of sketch

Simple 
15(40.5%) 

Pertinent 
13(35.1%) 

Complicate 
10(27.0%) 

Display
13(35.1%)

Mask 
10(27.0%) 

Eyes 
6(16.2%) 

Nose 
1(2.7%)

Mouth 
1(2.7%)Point color

(clay 
model) Cheek

1(2.7%)

Antenn
a 

2(5.4%)

Face 
2(5.4%) 

Bambooknife 
1(2.7%) 

Arms
1(2.7%)

Hands
1(2.7%)

Other 
features

Teacher’s 
pointer

6(16.2%)

Cleaning
things

1(2.7%)

Camera 
4(10.8%) 

Heart 
mark 

2(5.4%) 

the national 
flag of Korea

1(2.7%) 

Study 
related 
things 

3(8.1%)

Location in 
classroom

front-left
5(13.5%

) 

front-
middle

6(16.2%
) 

front-
right 

22(59.5
%) 

back-left 
1(2.7%) 

back-
middle 
1(2.7%) 

back-
right

0(0.0%)

others
2(5.4%)

 
Robots having only eyes on their face were the 

most frequent head type. Tetragonal or circular shaped 
and horizontally longer heads were also frequent. Robots 
having eyes were more prevalent than mask type. Eyes 
are large and round, and many robots have mouths but 
few have ears or a nose. 

For external form factors of body, tetragonal or 
trapezoidal shape was common. The head was large and 
the legs were short compared to the body. For the robot’s 
height, the height was defined as being from the floor of 
the classroom to the robot’s head, because children 



typically draw the robot’s head first; consequently, the 
robot’s feet do not reach to floor due to their lack of a 
notion of space. The robot’s height was less  than that of 
the children. This indicates that the robot should be 
shorter than about 146 cm, as the average height of 
fourth grade student is 145cm for boys and 147cm for 
girls. Robots having arms, no fingers or 2 fingers, 2 legs, 
and a display were common. 

In the case of color, chromatic color was more 
common than achromatic color. The robots were most 
frequently located to the side of the human teacher at the 
front of the classroom, as shown in fig. 6. 

 
Figure 6: Frequency of location of teaching-assistant 
robots 
 
6. THE DESIGN GUIDELINGS FOR TEACHING-
ASSISTANT ROBOTS 
 
6.  1. METHOD OF EXTRACTING GUIDELINES 
 

Based on these results, the design guidelines for 
teaching-assistant robots was suggested. Guideline 1 
focuses on the role image of ‘tenderness · kindness’. As 
noted with regard to the relation between basic 
adjectives and role images in chapter 4. 2. 2., ‘tenderness 
· kindness’ can be revealed with ‘flexibility’. Guideline 1 
has the external form factors of ‘intimate’, ‘smart’, 
‘childish’, ‘organic’, and ‘female’ among basic 
adjectives. When designed, the basic adjectives having 
larger Pearson’s r are prioritized.  

Guideline 2 is related to ‘leadership’, 
‘knowledgablity’, ‘reliability · patience’, and ‘sincerity · 
impartiality’. These for role images are grouped together 
because they are related to ‘human-like’, ‘organic’, 
‘intimate’, and ‘smart’ in common. Guideline 2 was 
designed with the focus on ‘leadership’, because it is 
ranked above other role images based on factor analysis. 
Although the robot focuses on ‘leadership’, it can still 
partially reveal the remaining 3 role images without 
weakening the role image of ‘leadership’.  

Guideline 3 focuses on the results of the 
workshop data. This is also a persuasive design guideline, 
since the preferences and the appropriateness of 
teaching-assistant robots conceived by children were 
proved to be different. The robot height for these three 
guidelines is set to less than 146cm, based on the results 
of the workshop. 

 
6. 2. DEISGN GUIDELINES OF TEACHING-
ASSISTANT ROBOTS 
 
Guideline 1: Focus on ‘tenderness · kindness’ 
 

 
Figure 7: Design focused on ‘tenderness · kindness’ 

․ Border line between face and hair part  
․ Round head shape, large eyes 
․ Eye length/width ratio is less than 1.09 
․ Something to be recognized as ears or mouth 
․ Head size ratio (height/head length) is less than 5.16 (This 

guideline is suggested as 3.5) 
․ Arm length ratio is less than 48% compared to height 
․ 2 arms, no fingers 
․Oval body shape, rounded edges 
․ Body length/width ratio is less than 0.50 
․ No display.  Mixture of plastic and fabric material 
․ Wheel type, the length of the area recognized as legs is less 

than 41% compared to whole body length 
․ Main color is warm color, sub-color is white. 
․Glossy material finishing 

 
Guideline 2: Focus on ‘leadership’ 
 

 
Figure 8: Design focused on ‘leadership’ 

․ Mask head type 
․ Tetragonal or trapezoidal head shape 
․ Head size ratio (height/head length) is less than 5.16 (This 

guideline is suggested as 3.5) 
․ Something to be recognized as ears 
․ Arm length ratio is less than 48% compared to height 
․ 2 arms, 5 fingers 
․ Vertical rectangle body shape, rounded edges 



․ Body length/width ratio is less than 0.50 
․ No display, mixture of plastic and fabric material 
․ 2-leg type, leg length ratio is more than 41% compared to 

whole body length 
․ Main color is cold, and sub-color is gray 
․ Metallic material finishing 

 
Guideline 1: Focus on the result of workshop 
 

 
Figure 7: Design focused on workshop results 
․ No border line between face and hair part (27%) 
․ Elliptical head shape (52%), large eyes (42%) 
․ Antenna (49%) 
․ Eye length/width ratio is 1 (67%) 
․ Something to be recognized as mouth (67%) 
․ No nose (89%) 
․ Head size ratio (height/head length) is 3.54 
․ Two arms (70%), 
․ No fingers (42%) 
․ Vertical rectangle body shape (30%), 
․ Average body length/width ratio is 0.453 
․ Display (62%), 2-legs type (56%) 
․ Average leg length ratio is 26% compared to whole body 

length 
․ Various primary colors

 
These three guidelines were compared with the 

preferences and the appropriateness of teaching-assistant 
robots as conceived by children. In order of preferences, 
guideline 1 is most preferred, guideline 2 is secondly 
preferred, and guideline 3 is the next. In order of 
appropriateness, guideline 2 is the most appropriate, and 
guidelines 1 and 3 follow. 
 
7. CONCLUSION 
 

This study suggested design guidelines for 
teaching-assistant robots, based on role images of 
teachers. The results show that the incumbent teachers 
and student teachers think that the role images of human 
teachers and teaching-assistant robots should be different. 
Children’s preferences and concepts of appropriateness 

with respect to as teaching-assistant robots were 
different. This emphasized the necessity of this study 
again. 

Three design guidelines for a teaching assistant 
robot have been identified: guideline 1 has a tender, kind, 
and flexible image; guideline 2 features leadership and 
knowledge capabilities, reliability, and sincerity; 
guideline 3 represents the teaching assistant robots as 
conceived by children. Guideline 3 is similar with 
respect to head, arms, and color to guideline 1; and with 
respect to trunk and legs, to guideline 2. The common 
points of these three guidelines are 2 arms, the absence 
of a nose, and a large head with a 3~5 head size ratio. 
These features should be considered when designing a 
teaching assistant robot. 

From the workshop, it is found that the teaching 
assistant robot’s height should be less than that of the 
children, and the robot is usually located at the side of 
the human teacher at the front of the classroom. Hence, 
the teaching-assistant robot should shorter than 146 cm, 
the average height of forth year grade school children. 

It is expected that guideline 1 corresponds to 
lower grade classes, which teach the formation of human 
social relationships rather than knowledge, whereas 
guideline 2 matches higher classes, which focus on 
knowledge acquisition. This is important because the 
education of elementary school consists of 6 years, and 
child development is so fast that children have a 
significant difference in the degree of knowledge or 
maturity according to age. As such, the development of a 
teaching assistant robot according to curriculum 
demands is anticipated as further research. 
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